Cystic fibrosis (CF), the most common inherited recessive genetic disease in the white population, is lethal and characterized by defects in chloride and bicarbonate transport, mucus secretion, lung bacterial infection, and inflammation ([@bib1], [@bib2]). Other clinical features of CF include deterioration of lung architecture and function, pancreatic insufficiency, male infertility, and meconium ileus in newborns ([@bib3]). Mutations in the CFTR (CF conductance regulator) gene result in deficient and/or defective CFTR protein, and over 2,000 variant mutations have been identified in the *CFTR* gene. Deletion of phenylalanine 508 (∆F508) is the most common one in white individuals that impairs CFTR folding and biosynthesis, as well as endocytic processing and chloride channel function ([@bib4]--[@bib6]). *CFTR* is expressed in the submucosal glands of the airway, in multiciliated surface epithelial cells, and in the recently identified airway epithelium-rich pulmonary ionocytes ([@bib7]). Depletion or defects in *CFTR* of the airway epithelial cells have been implicated in mucociliary clearance impairment and airway remodeling ([@bib8]). Although chronic pulmonary infection is a hallmark of CF lung disease, the majority of patients with CF demonstrate airway hyperresponsiveness (AHR) suggestive of airway smooth muscle (ASM) dysfunction. Recent studies showed CFTR expression in the sarcoplasmic reticulum in ASM, and loss of CFTR was found to alter the ASM transcriptome ([@bib9]) and to increase basal tone and bronchodilator response and disrupt calcium handling in neonatal CF pigs ([@bib10]), suggesting a causal link between CFTR and ASM cell function.

Multiple intra- and extracellular signaling pathways, such as HIF-1α (hypoxia-inducible factor-1α), NF-κB, PI3K, protein kinase B (or AKT), mTOR (mammalian target of rapamycin), PDK1 (3-phosphoinositide--dependent protein kinase), SGK1 (serum/glucocorticoid regulated kinase-1), PYK2 (proline-rich tyrosine kinase-2), and MAPKs (mitogen-activated protein kinases), have been implicated in CF lung pathogenesis ([@bib11]--[@bib13]). Many of these pathways are activated by TGF-β (transforming growth factor-β) signaling via TGF-βR1 (TGF-β receptor R1) and TGF-βR2, which drive CF lung disease ([@bib14]). TGF-β levels are elevated in plasma and BAL fluid of patients with CF, and have been shown to be associated with pulmonary exacerbations and the severity of CF lung pathogenesis ([@bib15]). Therefore, TGF-β is recognized as a therapeutic target in CF; however, the role and mechanism(s) of TGF-β in AHR and ASM dysfunction have not been well investigated.

In a study presented in this issue of the *Journal*, using a homozygous mouse model of F508 del CFTR with gut correction, Kramer and colleagues (pp. [657--667](10.1165/rcmb.2019-0158OC)) found that subacute TGF-β expression by an adenoviral TGF-β vector in CFTR^*tm1kth*^ mice ("CF mice") enhanced a latent AHR phenotype and ASM dysfunction ([@bib16]). This is the first *in vivo* study to clearly demonstrate that expression of TGF-β in CF mice drives abnormalities in AHR and ASM dysfunction compared with non-CF control mice. Altered bronchoconstriction dynamics and increased ASM area were observed in TGF-β--exposed CF mice. Furthermore, albuterol (β-agonist) pretreatment had no effect on baseline resistance but reversed AHR in TGF-β--expressing CF mice. Building on an earlier observation of enhanced PI3K signaling in CF mice after Ad-TGF-β transduction ([@bib14]), Kramer and colleagues demonstrated that blocking PI3K activity *in vivo* with a pan-PI3K inhibitor, LY294002, decreased methacholine-induced AHR and goblet cell hyperplasia in CF mice. However, inhibition of PI3K had no effect on Smad or MAPK (ERK1/2) signaling in CF mice, or on ASM area in both CF and non-CF mice. These studies highlight the significance of the TGF-β/PI3K signaling axis in AHR and ASM dysfunction in the ∆F508-deleted CF mouse model, and suggest PI3K as a potential therapeutic target by itself or in combination with TGF-β in CF lung disease ([Figure 1](#fig1){ref-type="fig"}).

![Schema depicting TGF-β (transforming growth factor-β)--mediated PI3K signaling and airway remodeling in a CFTR (cystic fibrosis transmembrane conductance regulator)-deficient airway smooth muscle cell. Loss of CFTR in the airway smooth muscle cell potentiates TGF-β--induced release of intracellular Ca^2+^ from the sarcoplasmic reticulum (SR) via TGF-βR1 (TGF-β receptor R1) or TGF-βR2, which can lead to activation and autophosphorylation of PYK (proline-rich tyrosine kinase) ([@bib9]). Phosphorylated (P) PYK2 can promote PI3K activation and stimulate cell proliferation and migration. Increased Ca^2+^ levels either independently or in conjunction with phosphorylated PYK2 can induce cell contraction. The upstream and downstream targets of Ca^2+^, PYK2, and PI3K in modulating cell contraction, proliferation, and migration in normal and CFTR-deficient airway smooth muscle cells from humans, mice, and pigs warrant future investigations. Furthermore, additional canonical and noncanonical pathways stimulated by TGF-β in normal and CFTR-deficient airway smooth muscle cells can contribute to contractile and proliferative pathways.](rcmb.2020-0029ED_f1){#fig1}

There are several limitations to the study. LY294002, a pan-PI3K inhibitor that was used to block PI3K activity *in vivo*, may exhibit off-target effects. Other approaches, such as instillation of PI3K shRNA or siRNA directly into the airway to block PI3K, will be necessary to corroborate the inhibitor results. Furthermore, PI3K is divided into four classes (classes I--IV) based on primary structure, regulation, and *in vitro* substrate specificity. It is unclear which class of PI3K is activated by TGF-β in ASM cells to induce AHR, cell proliferation, and ASM dysfunction. PI3K is a lipid kinase that uses phosphatidylinositol and other polyphosphoinositides as substrates to generate corresponding phosphorylated phosphoinositides via binding to plekstrin homology domain of AKT or PDK1, resulting in translocation to the plasma membrane and partial activation. However, the downstream target(s) of PI3K has not been identified in ASM cells, which makes it difficult to define the mechanism(s) of AHR and ASM dysfunction in CF. *In vitro* studies with isolated ASM cells from non-CF and F508 del *CFTR* homozygous mice or CF pigs will provide mechanistic insights into the canonical and noncanonical signaling pathways mediated by TGF-β in AHR, cell proliferation, and ASM dysfunction in CF lung disease.
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